In conventional Bardeen-Cooper-Schrieffer (BCS) superconductors [1], superconductivity occurs when electrons form coherent Cooper pairs below the superconducting transition temperature T c . Although the kinetic energy of paired electrons increases in the superconducting state relative to the normal state, the reduction in the ion lattice energy is sufficient to give the superconducting condensation energy (E c = −N(0)∆ 2 /2 and ∆ ≈ 2 ω D e −1/N(0)V 0 , where N(0) is the electron density of states at zero temperature, ω D is the Debye energy, and V 0 is the strength electron-lattice coupling) [2, 3, 13]. For iron pnictide superconductors derived from electron or hole doping of their antiferromagnetic (AF) parent compounds [5][6][7][8][9][10], the microscopic origin for superconductivity is unclear [11]. Here we use neutron scattering to show that high-T c superconductivity only occurs for iron pnictides with low-energy (≤ 25 meV or ∼ 6.5k B T c ) itinerant electron-spin excitation coupling and high energy (> 100 meV) spin excitations. Since our absolute spin susceptibility measurements for optimally hole-doped iron pnictide reveal that the change in magnetic exchange energy below and above T c can account for the superconducting condensation energy, we conclude that the presence of both high-energy spin excitations giving rise to a large magnetic exchange coupling J and low-energy spin excitations coupled to the itinerant electrons is essential for high-T c superconductivity in iron pnictides.
In conventional Bardeen-Cooper-Schrieffer (BCS) superconductors [1] , superconductivity occurs when electrons form coherent Cooper pairs below the superconducting transition temperature T c . Although the kinetic energy of paired electrons increases in the superconducting state relative to the normal state, the reduction in the ion lattice energy is sufficient to give the superconducting condensation energy (E c = −N(0)∆ 2 /2 and ∆ ≈ 2 ω D e −1/N(0)V 0 , where N(0) is the electron density of states at zero temperature, ω D is the Debye energy, and V 0 is the strength electron-lattice coupling) [2, 3, 13] . For iron pnictide superconductors derived from electron or hole doping of their antiferromagnetic (AF) parent compounds [5] [6] [7] [8] [9] [10] , the microscopic origin for superconductivity is unclear [11] . Here we use neutron scattering to show that high-T c superconductivity only occurs for iron pnictides with low-energy (≤ 25 meV or ∼ 6.5k B T c ) itinerant electron-spin excitation coupling and high energy (> 100 meV) spin excitations. Since our absolute spin susceptibility measurements for optimally hole-doped iron pnictide reveal that the change in magnetic exchange energy below and above T c can account for the superconducting condensation energy, we conclude that the presence of both high-energy spin excitations giving rise to a large magnetic exchange coupling J and low-energy spin excitations coupled to the itinerant electrons is essential for high-T c superconductivity in iron pnictides.
For BCS superconductors, the superconducting condensation energy E c and T c are controlled by the strength of the Debye energy ω D and electron-lattice coupling V 0 [1] . A material with large ω D and lattice exchange coupling is a necessary but not a sufficient condition to have high-T c superconductivity. On the other hand, a soft metal with small ω D (such as lead and mercury) will also not exhibit superconductivity with high-T c . For unconventional superconductors such as iron pnictides, the superconducting phase is derived from hole and electron doping from their AF parent compounds [5] [6] [7] [8] [9] [10] . Although the static long-range AF order is gradually suppressed when electrons or holes are doped into the iron pnictide parent compound such as BaFe 2 As 2 [6] [7] [8] [9] [10] , short-range spin excitations remain throughout the superconducting phase and are coupled directly with the occurrence of superconductivity [4-6, 12, 13, 15-19] . For spin excitations mediated superconductors, the superconducting condensation energy should be accounted for by the change in magnetic exchange energy between the normal (N) and superconducting (S ) phases at zero temperature. Within the t-J model [22] , ∆E ex (T ) = 2J[ S i+x · S i N − S i+x · S i S ], where S i+x · S i is the dynamic spin susceptibility in absolute units at temperature T [3, 13] .
To determine how high-T c superconductivity in iron pnictides is associated with spin excitations, we consider the phase diagram of electron and hole-doped iron pnictide BaFe 2 As 2 ( Fig. 1a) [10] . In the undoped state, BaFe 2 As 2 forms a metallic lowtemperature orthorhombic phase with collinear AF structure as shown in the inset of Fig. 1a . Inelastic neutron scattering (INS) measurements have mapped out spin waves throughout the Brillouin zone, and determined the effective magnetic exchange couplings [2] . Upon doping electrons to BaFe 2 As 2 by partially replacing Fe with Ni to induce superconductivity in BaFe 2−x Ni x As 2 with maximum T c ≈ 20 K at x e = 0.1 [24] , the low-energy (< 80 meV) spin waves in the parent compounds are broadened and form a neutron spin resonance coupled to superconductivity [16] [17] [18] [19] , while high-energy spin excitations remain unchanged [6] . With further electron-doping to x e ≥ 0.25, superconductivity is suppressed and the system becomes a paramagnetic metal (Fig.  1a) [24] . For hole-doped Ba 1−x K x Fe 2 As 2 [25] , superconductivity with maximum T c = 38.5 K appears at x h ≈ 0.33 [6] and pure KFe 2 As 2 at x h = 1 is a T c = 3.1 K superconductor [7] . In order to determine how spin excitations throughout the Brillouin zone are correlated with superconductivity in iron pnictides, we study optimally hole-doped Ba 0.67 K 0.33 Fe 2 As 2 (T c = 38.5 K, Fig.  1c ), pure KFe 2 As 2 (T c = 3 K, Fig. 1b) , and nonsuperconducting electron-overdoped BaFe 1.7 Ni 0.3 As 2 (Fig. 1d) . If spin excitations are responsible for mediating electron pairing and superconductivity, the change in magnetic exchange energy between the normal (N) and superconducting (S ) state should be large enough to account for the superconducting condensation energy [13] .
In previous INS work on powder [12, 13] and single crystals [4] of hole-doped Ba 1−x K x Fe 2 As 2 , low-energy spin excitations were found to be dominated by a resonance coupled to superconductivity. In fact, density functional theory (DFT) calculations based on sign reversed quasiparticle excitations between hole Fermi surface pocket near the Brillouin zone center and electron pocket near the zone corner (see supplementary information) [11] predict correctly the longitudinally elongated spin excitations from Q AF = (1, 0) for optimally hole-doped iron pnictide (inset in Fig. 1a ) [4, 19] . For pure KFe 2 As 2 (x h = 1), low-energy (< 14 meV) spin excitations become longitudinally incommensurate from Q AF (inset in Fig. 1a) [15] . These results, as well as work on electron-doped iron pnictides that reveal transversely elongated spin excitations from Q AF [5, 6, 19] , have shown that the low energy nematic-like spin dispersion in iron-based superconductors can be accounted for by itinerant electrons on hole and electron nested Fermi surfaces [10] .
Here we use INS to show that the effective magnetic exchange couplings in hole-doped Ba 0.67 K 0.33 Fe 2 As 2 only soften slightly from that of AF BaFe 2 As 2 [2] and electron-doped BaFe 1.9 Ni 0.1 As 2 superconductor (Fig. 1f) [6] . The effect of hole-doping in BaFe 2 As 2 is to suppress high-energy spin excitations and transfer the spectral weight to low-energies that couple to the appearance of superconductivity (Fig. 1h) . This is qualitatively consistent with theoretical methods based on DFT and dynamic mean filed theory (DMFT, see supplementary information) [7] . By using the INS measured magnetic exchange couplings and spin susceptibility in absolute units, we calculate the superconductivity-induced lowering of magnetic exchange energy and find it to be about seven times larger than the superconducting condensation energy determined from specific heat measurements for Ba 0.67 K 0.33 Fe 2 As 2 [15] . These results are consistent with spin excitations mediated electron pairing mechanism [13] . For the nonsuperconducting electron overdoped BaFe 1.7 Ni 0.3 As 2 , we find that while the effective magnetic exchange couplings only reduce slightly compared with that of optimally electron-doped BaFe 1.9 Ni 0.1 As 2 (Fig. 1g) [6] , the low-energy spin excitations (< 50 meV) associated with hole and electron pocket Fermi surface nesting disappear, thus revealing the importance of Fermi surface nesting and itinerant electron-spin excitation coupling to the occurrence of superconductivity (Fig. 1h) . Finally, for heavily hole-doped KFe 2 As 2 with low-T c superconductivity (Fig. 1b) , there are only incommensurate spin excitations below ∼25 meV and the correlated high-energy spin excitations prevalent in electron-doped and optimally hole-doped iron pnictides are completely suppressed (Fig. 1e) , indicating a dramatic softening of effective magnetic exchange coupling (inset Fig. 1h) . Therefore, high-T c superconductivity in iron pnictides requires two fundamental ingredients: a large effective magnetic exchange coupling [13] , much like large Debye energy for high-T c BCS superconductors, and a strong itinerant electrons-spin excitations coupling from Fermi surface nesting [11] , like electron-phonon coupling in BCS superconductors. The presence of correlated electronic states exhibiting both local and itinerant properties is essential for the mechanism of superconductivity [10] .
To substantiate the key conclusions of Fig. 1 [15] . While we confirmed the earlier work using time-of-flight INS for energies below E = 15 ± 1 meV (Figs. 2a and 2b ), our new data collected at higher excitation energies reveals that incommensurate spin excitations converge into a broad spin excitation near E = 20 meV and disappear for energies above 25 meV (Fig. 2c) . Therefore, there are no measurable correlated spin excitations for energies above 30 meV, indicating that the effective magnetic coupling in KFe 2 As 2 has reduced about 90% compared with that of BaFe 2 As 2 (see supplementary information). For Ba 0.67 K 0.33 Fe 2 As 2 , spin excitations at E = 5 ± 1 meV are longitudinally elongated from Q AF as expected from DFT calculations (Fig. 2d) [4, 19] . At the resonance energy (E = 15 ± 1 meV) [12] , spin excitations are isotropic above T c (Fig.  2e) . On increasing energy further to E = 50 ± 10 meV, spin excitations change to transversely elongated from Q AF similar to spin excitations in optimally electron-doped superconductor BaFe 1.9 Ni 0.1 As (Fig. 2f) [6] . Figures 2g-2i summarize similar 2D constant-energy images of spin excitations for nonsuperconducting BaFe 1.7 Ni 0.3 As. At E = 9 ± 3 ( Fig. 2g ) and 30 ± 10 meV (Fig. 2h) , there are no correlated spin excitations near the Q AF . Upon increasing energy to E = 59 ± 10 meV (Fig. 2i) , we see clear spin excitations transversely elongated from Q AF (Fig. 2i) .
Figures 3a-3d show 2D images of spin excitations in BaFe 1.7 Ni 0.3 As 2 at E = 70 ± 10, 112 ± 10, 157 ± 10, and 214 ± 10 meV, respectively. Figures 3e-3h show wave vector dependence of spin excitations at energies E = 70 ± 10, 115 ± 10, 155 ± 10, and 195 ± 10 meV, respectively, for Ba 0.67 K 0.33 Fe 2 As 2 . Similar to spin waves in BaFe 2 As 2 [2] , spin excitations in BaFe 1.7 To understand the wave vector dependence of spin excitations in hole-doped Ba 0.67 K 0.33 Fe 2 As 2 , we have carried out the random phase approximation (RPA) calculation of the dynamic susceptibility in a pure itinerant electron picture using method described before [5] . Figures 3i and 3j show RPA calculations of spin excitations at E = 70 and 155 meV, respectively, for Ba 0.67 K 0.33 Fe 2 As 2 assuming that hole doping induces a rigid band shift [5] . The outcome is in clear disagreement with Figs. 3e and 3g, indicating that a pure RPA type itinerant model cannot describe the wave vector dependence of spin excitations in hole-doped iron pinctides at high energies. For comparison with the RPA calculation, we also used a combined DFT and DMFT approach [6, 7] to calculate the imaginary part of the dynamic susceptibility χ (Q, ω) in the paramagnetic state. Figures 3k and 3i show calculated spin excitations at E = 70 and 155 meV, respectively. Although the model still does not agree in detail with the data in Figs. 3e and 3g, it captures the trend of spectral weight transfer away from Q AF = (1, 0) on increasing the energy and forming a pocket centered at Q = (1, 1).
By carrying out cuts through the 2D images similar to Figs. 2d-2f and 3e-3h along the [ [2] . For energies below ∼50 meV, spin excitations are completely gapped marked in the dashed area probably due to the missing hole-electron Fermi pocket quasiparticle excitations [11, 28] . Based on the 2D spin excitation images similar to Figs. 2a-2c, we plot in Fig. 1e the dispersion of incommensurate spin excitations in KFe 2 As 2 . The incommensurability of spin excitations is weakly energy dependent below E = 12 meV but becomes smaller with increasing energy above 12 meV (see supplementary information). Correlated spin excitations for energies above 25 meV are completely suppressed as shown in the shaded area in Fig. 1e . To quantitatively determine the effect of electron and hole doping on the overall spin excitations spectra, we calculate the local dynamic susceptibility per formula unit (f.u.) in absolute units, defined as χ (ω) = χ (q, ω)dq/ dq [6] , where χ (q, ω) = (1/3)tr(χ αβ (q, ω)), at different energies for Ba 0.67 K 0.33 Fe 2 As 2 , BaFe 1.7 Ni 0.3 As 2 , and KFe 2 As 2 . Figure 1h shows the outcome together with previous data on optimally electron-doped superconductor BaFe 1.9 Ni 0.1 As 2 [6] . While electron-doping up to BaFe 1.7 Ni 0.3 As 2 does not change the spectral weight of high-energy spin excitations from that of BaFe 1.9 Ni 0.1 As 2 , hole-doping dramatically suppresses the high-energy spin excitations and shift the spectral weight to lower energies (Fig. 1h) . For heavily hole-doped KFe 2 As 2 , spin excitations are confined to energies below about E = 25 meV (inset in Fig. 1h ). The reduction of the high energy spin spectral weight and its transfer to low energy with hole doping, but not with electron doping, is not naturally explained by the band theory, and requires models which incorporate both the itinerant quasiparticles and the local moment physics (see supplementary information) [7] . The hole doping makes electronic state more correlated, as local moment formation is strongest in the half-filled d 5 shell, and mass enhancement larger thereby reducing the electronic energy scale in the problem.
Finally, to determine how low-energy spin excitations are coupled to superconductivity in Ba 0.67 K 0.33 Fe 2 As 2 , we carried out a detailed temperature dependent study of spin excitation at E = 15±1 meV. Comparing with strongly c-axis modulated low-energy (E < 7 meV) spin excitations [4] , spin excitations at the resonance energy are essentially 2D without much c-axis modulations. Figure 4f shows temperature dependence of the resonance from 9 K to 40 K, which vanishes at T c . Figure 4g plots temperature dependence of the mode energy together with the sum of the superconducting gaps from hole and electron pockets [28] . Figure 4h compares temperature dependence of the superconducting condensation energy [15] with superconductivity induced intensity gain of the resonance. By calculating spin excitations induced changes in magnetic exchange energy (see supplementary information) [13] , we find that the difference of magnetic exchange interaction energy between the superconducting and normal state is approximately seven times larger than the superconducting condensation energy [15] , thus identifying AF spin excitations as the major driving force for superconductivity in Ba 0.67 K 0.33 Fe 2 As 2 .
One way to quantitatively estimate the impact of hole/electron doping and superconductivity to spin waves of BaFe 2 As 2 is to determine the energy dependence of the local moment and total fluctuating moments m 2 [6] . From Fig. 1h , we see that holedoping suppresses high-energy spin waves of BaFe 2 As 2 and pushes the spectral weight to resonance at lower energies. The total fluctuating moment of Ba 0.67 K 0.33 Fe 2 As 2 below 300 meV is m 2 = 1. per Fe, respectively. Therefore, the total magnetic spectral weights for different iron pnictides have no direct correlation with their superconducting T c 's. From Fig. 1h , we also see that the spectral weight of the resonance and low-energy (< 100 meV) magnetic scattering in Ba 0.67 K 0.33 Fe 2 As 2 is much larger than that of electron-doped BaFe 1.9 Ni 0.1 As 2 . This is consistent with a large superconducting condensation energy in Ba 0.67 K 0.33 Fe 2 As 2 since its effective magnetic exchange coupling J is only ∼10% smaller than that of BaFe 1.9 Ni 0.1 As 2 ( Fig. 1h) [15, 29] . For electron-overdoped nonsuperconducting BaFe 1.7 Ni 0.3 As 2 , the lack of superconductivity is due to the absence of low-energy spin excitations coupled to the hole and electron Fermi surface nesting even though the effective magnetic exchange remains large [11, 28] . This means that by eliminating [
, there is no magnetic driven superconducting condensation energy and thus no superconductivity. On the other hand, although the complete suppression of correlated high-energy spin excitations in KFe 2 As 2 can dramatically reduce the effective magnetic exchange coupling in KFe 2 As 2 ( Fig. 1e) , one can still have superconductivity with reduced T c . If spin excitations are a common thread of the electron pairing interactions for unconventional superconductors [13] , our results reveal that both the large effective magnetic exchange couplings and itinerant electron-spin excitation interactions are essential ingredients to achieve high-T c superconductivity, much like large Debye energy and strength of electron-lattice coupling are necessary for high-T c results reported in the paper. For Ba 0.67 K 0. • ). Various incident beam energies were used as specified, and mostly with E i parallel to the c-axis. To facilitate easy comparison with spin waves in BaFe 2 As 2 [2] , we defined the wave vector Q at (q x , q y , q z ) as (H, K, L) = (q x a/2π, q y b/2π, q z c/2π) reciprocal lattice units (rlu) using the orthorhombic unit cell, where a = b = 5.57 Å, and c = 13.135 Å for Ba 0.67 K 0.33 Fe 2 As 2 , a = b = 5.43 Å, and c = 13.8 Å for KFe 2 As 2 , and a = b = 5.6 Å, and c = 12.96 Å for BaFe 1.7 Ni 0.3 As 2 . The data are normalized to absolute units using a vanadium standard with 20% errors [6] . [3] . SFigure 9 shows the comparison of cuts along two highsymmetry directions for BaFe 2−x Ni x As 2 at x e = 0, 0.1, 0.3. SFigure 10 plots the constant-Q cuts and spin correlation lengths for these three samples. It is clear that the zone boundary spin excitations for electron-doped materials remain almost unchanged at least up to x e = 0.3. In Figure 2 of the main text, we have shown that the widths of spin excitations change with increasing energy above T c for Ba 0.67 K 0.33 Fe 2 As 2 . The resonance width also changes across T c (Figure 4 of the main text). To further illustrate the line shape change between the normal and superconducting states, we need to determine the width ratio of spin excitations along the two high symmetry directions as a function of increasing energy above and below T c . We plot the fitting of full width at half maximum (FWHM) of spin excitations along H and K directions in the normal state in SFig. 11 (a). It is a hour-glass like dispersion along [H, 0] direction, but a linear dispersion along [1, K] direction. On cooling below T c , the dispersion changes to a shape of flower vase in SFig. 11 (b). we plot in SFig. 11 (c) the energy dependence of the ratio (K − H)/(K + H) FWHM from 5 to 36 meV. In the normal state at T = 45 K, spin excitations at energies below the resonance have an oval shape with an elongated H direction, thus giving negative anisotropy ratio for energies below about 15 meV. On moving to the resonance energy at E = 15 meV, the scattering become isotropic and the isotropic scattering persist up to 30 meV. For energies above 30 meV, transverse elongated scattering take over, giving positive anisotropy ratio. In our previous work [4] , we reported that spin excitations integrated from 10 to 18 meV display an longitudinally elongated oval shape in the normal state. This is consistent with present work, which has much better energy resolution and better statistics for measured spin excitations. On cooling to the superconducting state, scattering are essentially isotropic below the resonance, and change to the maximum anisotropy at the resonance energy. For energies above the resonance, the scattering change back to transverse elongated spin excitations above 35 meV.
In the main text, the integrated dynamic (local) susceptibilities for hole-doped Ba 0.67 K 0.33 Fe 2 As 2 , electron-doped BaFe 1.9 Ni 0.1 As 2 , and BaFe 1.3 Ni 0.3 As 2 are shown in Fig. 1h . To compare spin excitations of Ba 0.67 K 0.33 Fe 2 As 2 with BaFe 2−x Ni x As 2 at x e = 0, 0.1, we show in SFig. 12 two dimensional constant-energy images at different energies in reciprocal space for these materials. The magnetic scattering intensities for the three compounds at the same energy are normalized to absolute units in the same color scale. The measurements for Ba 0.67 K 0.33 Fe 2 As 2 and BaFe 1.9 Ni 0.1 As 2 were carried out on the MERLIN time-of-flight (TOF) chopper spectrometer at the Rutherford-Appleton Laboratory (RAL), UK. The BaFe 2 As 2 mea- surements were carried out at MAPS, RAL. The incident beams were set to be parallel to the c-axis of the sample in all three experiments. Although spin excitation energies are coupled to momentum transfers along the c-axis in this scattering geometry, we note that MERLIN and MAPS experiments have almost identical L for spin excitation energy if the incident beam energy is the same. Therefore, the raw data with the same E i for Ba 0.67 K 0.33 Fe 2 As 2 , BaFe 1.9 Ni 0.1 As 2 , and BaFe 2 As 2 can be compared directly. For energy transfer of E = 15 ± 1 meV, the incident beam energy is E i = 35 meV for Ba 0.67 K 0.33 Fe 2 As 2 , 30 meV for BaFe 1.9 Ni 0.1 As 2 , and 80 meV for BaFe 2 As 2 . To compare the data quantitatively, the scattering intensity in 12(a,e,i) have been corrected by the magnetic form factor. Spin excitations for Ba 0.67 K 0.33 Fe 2 As 2 have the strongest intensity at the resonance energy (E = 15 meV) and are rotated 90
• in reciprocal space from the line-shape for BaFe 1.9 Ni 0.1 As 2 . Spin waves in BaFe 2 As 2 has a clear anisotropy spin gap below 15 meV. For spin excitations at E = 50 ± 5 meV in SFig. 12, the incident beam energy was E i = 80 meV. Here, spin excitations for Ba 0.67 K 0.33 Fe 2 As 2 are transversely elongated but broader in reciprocal space compared to those of BaFe 1.9 Ni 0.1 As 2 and BaFe 2 As 2 (SFig. 12b, 12f, 12i). The scattering intensity is larger than that of BaFe 1.9 Ni 0.1 As 2 , but smaller than spin waves of BaFe 2 As 2 . However, the integrated dynamic susceptibility of Ba 0.67 K 0.33 Fe 2 As 2 is similar with that of BaFe 2 As 2 , but larger than that of BaFe 1.9 Ni 0.1 As 2 . At energies above E > 100 meV, spin excitations of Ba 0.67 K 0.33 Fe 2 As 2 are clearly weaker in intensity than that of BaFe 1.9 Ni 0.1 As 2 and BaFe 2 As 2 . The constant-energy images have been subtracted by a radial background for Ba 0.67 K 0.33 Fe 2 As 2 and a constant background for BaFe 1.9 Ni 0.1 As 2 and BaFe 2 As 2 .
To quantitatively determine the dispersions of spin excitations in Ba 0.67 K 0.33 Fe 2 As 2 , BaFe 1.9 Ni 0.1 As 2 , and BaFe 2 As 2 , we cut through [H, 0] the effective magnetic exchange J is found to be about 10 % smaller for Ba 0.67 K 0.33 Fe 2 As 2 compared with that of BaFe 2 As 2 (SFig. 14). For comparison, if we assume the band top for KFe 2 As 2 is around E = 25 meV, the effective magnetic exchange should be about 90% smaller for KFe 2 As 2 . Of course, we know this is not an accurate estimation since spin excitations in KFe 2 As 2 are incommensurate and have an inverse dispersion. In any case, given the zone boundary energy of E ≈ 25 meV, the effective magnetic exchange couplings in KFe 2 As 2 must be much smaller than that of BaFe 2 As 2 . SFigure 15 shows additional data for KFe 2 As 2 that clearly reveal a dramatic reduction in magnetic scattering above E = 20 meV.
RANDOM PHASE APPROXIMATION (RPA) AND DFT+DMFT CALCULATIONS
As discussed in the main text, RPA calculation of the wave vector dependence of spin excitations in hole-doped Ba 0.67 K 0.33 Fe 2 As 2 is in clear disagreement with experiments (Fig. 3 of the main text) . Although a combined DFT and DMFT approach [6, 7] still does not agree in detail with the data (Fig. 3) , it captures the trend of spectral weight transfer away from Q AF = (1, 0) on increasing the energy and forming a pocket centered at Q = (1, 1) . The solid red, black, and blue lines in SFigure 16 show calculated local susceptibility in absolute units based on a combined DFT and DMFT approach for Ba 0.67 K 0.33 Fe 2 As 2 , BaFe 2 As 2 , and BaFe 1.9 Ni 0.1 As 2 [6] , respectively. This theoretical method predicts that electron doping to BaFe 2 As 2 does not affect the spin susceptibility at high energy (E > 150 meV), while spin excitations in the hole doped compound beyond 100 meV are suppressed by shifting the spectral weight to lower energies. This is in qualitative agreement with our absolute intensity measurements (Fig. 1h) . The reduction of the high energy spin spectral weight and its transfer to low energy with hole doping, but not with electron doping, is not naturally explained by the band theory, and requires models which incorporate both the itinerant quasiparticles and the local moment physics. The hole doping makes electronic state more correlated, as local moment formation is strongest in the half-filled d 5 shell, and mass enhancement larger thereby reducing the electronic energy scale in the problem.
Our theoretical DFT+DMFT method for computing the magnetic excitation spectrum employs the abinitio full potential implementation of the method, as detailed in [8] . The DFT part is based on the density functional theory (DFT) code of Wien2k SFig 15: The disappearance of sin excitations above 25 meV for KFe 2 As 2 . Using E i = 80 meV, we can still see clear incommensurate spin excitations at (a) E = 17.5 ± 2.5 meV. However, for energy transfers at E = 22.5 ± 2.5 mV, one can no longer see spin excitations, indicating a strong suppression of the spin excitation spectral weight for E > 25 meV.
two-particle irreducible vertex within DFT+DMFT method. The latter is assumed to be local in the same basis in which the DMFT self-energy is local, here implemented by projection to the muffin-tin sphere. In a neutron scattering experiment, we measure scattering function S (q, E = ω) which is related to the imaginary part of the dynamic susceptibility via S (q, ω) = [1 + n(ω, T )]χ ( q, ω), where [1 + n(ω, T )] is be Bose population factor. The magnetic exchange coupling and the imaginary part of spin susceptibility are related via the formula [13] :
where g = 2 is the Landé g-factor. The magnetic exchange energy can be written as
Here we have assumed an anisotropic model for the effective magnetic exchange coupling [2] , different from the case of copper oxide superconductors [13] . J 1a is the effective magnetic coupling strength between two nearest sites along the a direction, while J 1b is that along the b direction, and J 2 is the coupling between the next nearest neighbor sites. Hence we are able to obtain the change in magnetic exchange energy between the superconducting and normal states by the experimental data of χ ( q, ω) in both states. Strictly speaking, we want to estimate the zero temperature difference of the magnetic exchange energy between the normal and the superconducting states, and use the outcome to compare with the superconducting condensation energy [13] . Unfortunately, we do not have direct information on the normal state χ ( q, ω) at zero temperature. Nevertheless, since our neutron scattering measurements at low-energies showed that the χ ( q, ω) are very similar below and above T c near the AF wave vector Q AF = (1, 0, 1) and only a very shallow spin gap at Q = (1, 0, 0) (see Figs. 1f and 1h in [4] ), we assume that there are negligible changes in χ ( q, ω) above and below T c at zero temperature for energies below 5 meV. For spin excitation energies above 6 meV, Bose population factors between 7 K and 45 K are negligibly small. In previous work on optimally doped YBa 2 Cu 3 O 6.95 superconductor, we have assumed that spin excitations in the normal state at zero temperature are negligibly small and thus do not contribute to the exchange energy [14] . The directly measured quantity is the scattering differential cross section 
where k i and k f are the magnitudes of initial and final neutron momentum and F( Q) is the Fe magnetic form factor, and (γr e ) 2 = 0.2905 barn · sr −1 . where the unit of E is meV and that of A s(n) is mbarn·meV −1 ·sr −1 ·Fe −1 . For the case below 5 meV, we assume that A n decreases to zero linearly with energy and A s = A n (see Fig. 1h in Ref. [4] ), while the σ's keep the values at 5 meV. The assumption is shown in SFig. , where the resonance is seen at E = 15 meV. Because the condensation energy is only defined at zero temperature, we take T = 0 in equation (1) from the specific heat data of Ref. [15] . Therefore, we have the ratio ∆E ex /U c ≈ 7.4, meaning that the change in the magnetic exchange energy is sufficient to account for the superconducting condensation energy in Ba 0.68 K 0.32 Fe 2 As 2 . We note that a similar calculation for heavy Fermion superconductor CeCu 2 Si 2 also reveals that the change in magnetic exchange energy is sufficient to account for the superconducting condensation energy [18] .
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